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Histologic evidence of restenosis after percutaneous
transluminal coronary angioplasty has been confined to
the site of previous dilation. In this study, attention is
focused on the accelerated development of coronary ste-
nosis proximal to the site of previous angioplasty in a
necropsy patient whodevelopedsevere left main stenosis
4 months after successful dilation of the proximal left
anterior descending coronary artery. The unique fibro-
cellular tissue proliferation at the site of previous an-
gioplasty and involvementof the adjacent distal segment
of the left main coronary artery make possible the his-
tologicdiagnosisof accelerated left main coronary artery
narrowing.
Mechanisms for development of coronary stenoses
proximal to the angioplasty site include: 1) intimal injury
Angiographic reevaluation of coronary arteries receiving
percutaneous transluminal coronary angioplasty at least 6
months earlier have demonstrated that 17 to 47% of patients
develop "restenosis" at sites of previous dilation (l ). Re-
cently, two angiographic reports (2,3) noted accelerated
development of coronary stenosis proximal to the site of
previous dilation. In these reports, four patients received
proximal left anterior descending percutaneous transluminal
coronary angioplasty and returned 6 to 14 months later with
severe left main coronary artery lesions. None of these pa-
tients, however, had morphologic confirmation of the left
main coronary stenosis. Histologic evaluation of coronary
atherosclerotic plaque can be performed only once in the
course of the disease process, which thus precludes assess-
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by guiding catheters, guide wires, dilating balloons or
combinations; or 2) retrograde extension of the fibro-
cellular response to an adjacent proximal coronary seg-
ment. Histologic analysis of left main coronary arteries
from 11 patients whodied within 72 hours of angioplasty
of the left coronary system disclosedfocal lossof luminal
endothelium in 9. This finding suggests that intimal in-
jury from catheters or balloons, or both, proximal to
the angioplasty site probably initiates a fibrocellular re-
action. The amount of underlying atherosclerotic plaque
in the injured proximal coronary segment determines
the clinical significance of a subsequent fibrocellular re-
sponse.
(1 Am Coil CardioI1987;9:1019-23)
ment of accelerated development of atherosclerotic plaque,
However, the specific histologic changes described at the
site of restenosis of previously dilated coronary arteries (4)
make possible the histologic diagnosis of accelerated nar-
rowing, Our report describes for the first time morphologic
evidence of left main coronary artery stenosis worsened by
changes secondary to an earlier balloon angioplasty in the
proximal left anterior descending coronary artery.
Case Report
Clinical findings. A 67 year old man with chronic angina
pectoris developed increased frequency and severity of an-
gina, Coronary angiography (November 15, 1984) disclosed
mild luminal irregularities of the left main artery, 30% di-
ameter reduction of the proximal left circumflex artery, total
occlusion of the proximal left anterior descending artery and
luminal irregularities of the right coronary artery. The pa-
tient was treated medically. About I year later, the angina
worsened and a second coronary angiogram (November 4,
1985) disclosed mild luminal irregularities of the left main,
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total occlusion of the proximal left anterior descending and
unchanged left circumflex and right coronary arteries (Fig.
I). In view of the well preserved left ventricular function,
balloon angioplasty recanalization of the proximal left an-
terior descending artery was performed using a JL 4 guiding
catheter and 2.0 Hartzler and 3.0 Medi-Tech angioplasty
catheters. Coronary recanalization and dilation were clini-
cally and angiographically successful (that is, there were
relief of pain and improved exercise tolerance and luminal
diameter expansion from 0 to 70%) using seven balloon
inflations of up to 3 minutes' duration and 10 atm of pressure
(Fig. I). The patient, discharged using dipyridamole (150
mg daily), aspirin (325 mg daily) and verapamil (240 mg
daily), did well for 3V2 months and then awoke with re-
current angina. A third coronary angiogram (February 27,
1986) disclosed total occlusion of the proximal left anterior
descending artery at the site of previous dilation, 40% di-
ameter reduction of the left circumflex artery and an un-
changed right coronary artery (Fig. I). The left main coro-
nary artery had mild luminal irregularities not significantly
changed from previous angiographic studies. Aortocoronary
bypass grafting was performed on March 5, 1985, but the
patient had sudden ventricular fibrillation and died 3 hours
after surgery.
Morphologic findings. At necropsy, the epicardial coro-
nary tree, including the site of previous coronary balloon
angioplasty, was identified and examined by previously re-
ported methods (5). The site of previous balloon angioplasty
had evidence of intimal cracks or splits and localized medial
disruption (dissection) similar to lesions observed in patients
who died acutely after balloon angioplasty (6.7) (Fig. 2).
The initial underlying atherosclerotic plaque was still clearly
Figure 1. Frames of coronary cinean-
giogram in right anterior oblique (up-
per) and left anterior oblique views
(lower) obtained about I year before
percutaneous transluminal coronary
angioplasty (left), at the time of an-
gioplasty (middle) and 6 days before
death (right). The proximal left an-
terior descending artery is initially to-
tally occluded (left, upper and lower,
arrow), recanalized with balloon an-
gioplasty (middle, upper and lower)
and is again totally occluded shortly
before death (right, upper and lower).
A plaque "crack" or "fracture" is
visualized (small arrows, middle,
lower panel) after balloon dilation. In
each of the three angiograms, the left
main coronary artery has "luminal ir-
regularities. "
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identified and the luminal channels created by the angio-
plasty procedure 123 days earlier were filled with fibrocel-
lular tissue that coated the denuded media and narrowed the
coronary lumen 96 to 100% in cross-sectional area (Fig. 2).
Fibrocellular tissue proliferation involved 28 mm of the
proximal left anterior descending artery and then abruptly
disappeared, covering a distance corresponding to the lengths
of the previously used angioplasty balloons. In addition,
two 5 mm long segments of the left main coronary artery
disclosed initial (old) atherosclerotic plaque narrowing the
lumen 51 to 75% in cross-sectional area with superimposed
(new) fibrocellular material narrowing the cross-sectional
luminal area 76 to 100% (Fig. 2). The left main fibrocellular
tissue was histologically identical to that in the proximal
left anterior descending artery. The left circumflex and right
coronary arteries were maximally narrowed 76 to 100% in
cross-sectional area with atherosclerotic plaque without su-
perimposed fibrocellular tissue.
Morphologic findings in 12 left main coronary arteries
of patients with angioplasty 4 to 72 hours earlier. His-
tologic analysis of the left main coronary artery of II pre-
viously presented necropsy patients (8) who died 4 to 72
hours after percutaneous transluminal coronary angioplasty
of the proximal left anterior descending or left circumflex
artery disclosed focal loss of left main luminal endothelium
in 9. All 11 patients had a normal or minimally diseased
left main coronary artery. Histologic analysis of the left
Figure 2. Composite of consecutive histologic cross sections of
the left main (LM 1,2 [top left and top middle]) and left anterior
descending (LAD 1,2,3,4,5 [top right and bottom]) coronary
arteries 123 days after successful balloon angioplasty of the prox-
imal left anterior descending artery. The site of previous angio-
plasty (LAD 1,2,3) shows initial underlying atherosclerotic plaque
(AP) with plaque "fracture" or "cracks" (C) (arrowheads) and
localized medial dissection. Plaque channels created by the pre-
vious angioplasty are filled with fibrocellular (Fe) tissue that also
extends over the denuded media and narrows the coronary lumen
(L) 96 to 100% in cross-sectional area (LAD 1,2,3). The fibro-
cellular proliferation is histologically distinct from the underlying
plaque. Two segments of the left main artery (LM 1,2) show initial
(old) atherosclerotic plaque narrowing the lumen 51 to 75% in
cross-sectional area with superimposed (new) fibrocellular tissue
(white arrows) increasing the luminal cross-sectional area to 76
to 100%. The composition of the fibrocellular tissue in the left
main artery is identical to that in the proximal left anterior de-
scending artery. (Elastic stains; original magnification x 4, re-
duced by 5%.)
main artery in one necropsy patient with angioplasty of the
right coronary artery without balloon catheter insertion into
the left coronary system disclosed no endothelial injury of
the left main artery.
Discussion
The fibrocellular tissue "coating" the luminal surface of
the left anterior descending artery at the previous angioplasty
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site and nondilated left main coronary artery is histologically
distinct from the underlying atherosclerotic plaque. This
finding provides a unique morphologic opportunity to doc-
ument acceleration of coronary artery luminal narrowing
over a 4 month interval. The fibrocellular tissue response
is similar to that observed early in saphenous veins used as
aortocoronary bypass grafts ("intimal fibrousproliferation")
and with coronary ostial stenosis seen late after cannulation
and selective high pressure coronary perfusion during car-
diac valve surgery (9). This response, however, has not
been observed at necropsy in coronary arteries that have not
been subjected to angioplasty or other forms of vessel injury.
In our case, the severe luminal reduction (cross-sectional
area) observed histologically in the left main coronary artery
is in marked contrast to the mild luminal irregularities (di-
ameter reduction) observed angiographically 6 days earlier
(Fig. 1 and 2). The lack of a significant angiographic change
in the left main coronary artery over the 15 month period
before death and specifically over the 3'12 months after an-
gioplasty despite worsening of luminal cross-sectional area
narrowing is best explained by angiographic underestima-
tion. Angiographic underestimation of the left main coro-
Figure 3. Possible mechanisms of accelerated left main coronary
narrowing occurring late after percutaneous transluminal coronary
angioplasty of the proximal left anterior descending (LAD) coro-
naryartery. Ao == aorta;AV == aortic valve; LC == left circumflex
artery; LM == left main artery.
nary artery luminal narrowing is well recognized (10) and
is most likely explained in this patient by the concentric
and diffuse nature of the left main atherosclerotic plaque
and fibrocellular coating.
Mechanism(s) of accelerated stenosis proximal to pre-
vious balloon angioplasty site. Acceleration of left main
coronary narrowing by fibrocellular tissue proliferation may
have resulted from several possible mechanisms involving
intimal injury by guiding catheters, guide wires, dilating
balloons or combinations (Fig. 3). Although not the case in
our patient, insertion of large-bore guiding catheters into
the left main coronary artery could certainly cause intimal
injury and subsequent fibrocellular proliferation. Positioning
of the proximal end of the dilating balloon in the distal left
main artery while dilating a proximal left anterior descend-
ing or left circumflex artery lesion also may cause intimal
damage to the left main artery. In addition to left main
coronary artery injury from catheters and dilating balloons,
simple retrograde extension or growth of the fibrocellular
tissue into the adjacent left main artery from the proximally
dilated left anterior descending artery is possible. Morpho-
logic observations of left main coronary endothelial injury
in 9 of 11 patients with angioplasty of the left coronary
system and absent injury in the single patient with dilation
of only the right coronary artery suggest that the first and
second proposed mechanisms (Fig. 3a,b) are more likely.
Previous angiographic observations. Four patients have
been previously described (2,3) in whom severe left main
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coronary artery stenosis observed angiographically devel-
oped 6 to 14 months after successful balloon angioplasty of
the proximal left anterior descending coronary artery, Of
these four patients, two had preexisting left main disease
visualized angiographically as "luminal irregularities." Each
of the four patients had recurrent symptoms of angina pec-
toris or an abnormal exercise test and each had angiographic
patency at the site of previous balloon angioplasty. None
had angiographic evidence of progression of disease in the
remaining right or left circumflex artery. Coronary artery
tissue for histologic assessment was not available in any of
these previous patients, so the origin of the left main coro-
nary narrowing cannot be established with certainty. The
similar clinical setting of these four patients compared with
the present patient suggests that fibrocellular tissue prolif-
eration also may be the basis for accelerated left main nar-
rowing. Recognition of accelerated narrowing of a proximal
coronary segment (such as the left main artery) with or
without associated restenosis at the more distal angioplasty
site could alter therapeutic management of patients with
recurrent symptoms after balloon angioplasty.
The incidence of progressive left main narrowing after
coronary angioplasty of the left anterior descending or left
circumflex artery, or both, is unknown. Although detailed
analysis of the left main artery in preangioplasty and follow-
up angiograms has not been uniformly evaluated, the in-
cidence of severe left main narrowing is probably low. Of
more than 344 patients restudied angiographically within I
year of previous coronary dilation in whom specificattention
was given to the left main artery, only 4 (1%) were rec-
ognized with accelerated left main coronary artery narrow-
ing (2,3).
Pathology at restenosis site. Our patient represents only
the second to be studied at necropsy in whom successful
percutaneous transluminal coronary angioplasty was per-
formed several months earlier and angiographic restenosis
occurred at the angioplasty site. As in the necropsy patient
described by Essed et a1. (4) (5 months after initial angio-
plasty), the site of previous balloon dilation in our patient
was readily identified, showing extensive intimal disruption
of atherosclerotic plaque and localized medial dissection
(Fig. 2). Over the subsequent 4 to 5 months, fibrocellular
tissue filled the cracks and channels created by the dilation
in these two patients. In each case, the fibrocellular tissue
extended over the denuded media and adjacent underlying
plaque severely narrowing the previously expanded lumen.
Thus, fibrocellular proliferation represents at least one
pathologic mechanism for the occurrence of restenosis a few
months after clinically successful percutaneous transluminal
coronary angioplasty. Intimal-medial injury with exposure
of smooth muscle cells to blood may initiate the fibrocellular
response (4).
We acknowledge the secretaryassistanceof Candice Owens and the artistic
talents of George Buckley.
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